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• Fish represent good animal models for the purposes of identifying persistent epigenetic marks which arise from different early developmental environments and which 
correlate with relevant biological processes later in life. 
 
Sea bass larvae were treated with temperature from 
0-15 dpf (experiment 1) or from 25-60 dpf 
(experiment 2). In experiment 1a, fish were treated 
with 3 temperatures (L=low, M=medium, H=high). 
Background 
Materials and Methods 
Acknowledgements 
We thank Drs. Paloma Morán, Pilar Alvariño and Andrés 
Pérez-Figueroa. Supported by grant AGL2010-15939 
(“Epigen-Aqua”) to FP. Epigen-Aqua 
References 
1.Navarro-Martin, L. et al. PLoS Genetics  2011;  7(12): e1002447. 
2.Pérez-Figueroa, A. Mol. Ecol. Resour. 2013;  13: 522-527. 
3.Morán, P. and Pérez-Figueroa, A.  BMC Genetics 2011; 12 (86).  
Global DNA Methylation: MSAP Experimental Temperature Treatments 
Isoschizomers 
• HpaII 
• MspI 
5’- C  CGG-3’ 
3’- GGC  C-5’ 
 
PCR Capillary Electrophoresis 
Band scoring and  
statistical analysis 
Gene Expression Measured by qPCR 
The DNA was digested by two 
isoschizomer restriction enzymes (HpaII 
and MspI), which differ in their sensitivity 
to methylation. After PCR and capillary 
electrophoresis, DNA fragments were 
scored and submitted to AMOVA tests to 
detect differences in the global DNA 
methylation status between groups. 
Symbol Description Biological Process 
dnmt1 
DNA (cytosine-5-)-
methyltransferase 1 
Epigenetic Regulation 
dnmt3 
DNA (cytosine-5-)-
methyltransferase 3 
hdac11 Histone deacetylase 11 
jarid2a Protein jumonji 
pcgf2 Polycomb group ring finger 2 
dicer1 Endoribonuclease Dicer 
gr Glucocorticoid receptor Stress 
hmgb1 High mobility group box 1 Temperature response 
hsp70 Heat shock cognate 70 Heat shock response 
myog Myogenin Muscle function 
opn4b Long melanopsin Vision 
tr-alpha Thyroid hormone receptor alpha Thyroid metabolism 
try Trypsinogen-2 Digestive system 
igf1 Insulin-like growth factor I Growth 
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Experiment 1b: Constant  vs. Temperature Switch 
• In sexually differentiated one-year-old European sea bass (Dicentrarchus labrax), the methylation levels of the promoter  
of gonadal aromatase (cyp19a), which converts androgens into estrogens, have been shown to increase in females after  
exposure of larvae to high temperature during the thermosensitive period (TSP) [1].  
• The goal of this study was to determine whether temperature treatments during different time intervals within the  
TSP are able to alter the genome-wide patterns of DNA methylation and the expression of specific genes. 
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In experiment 1b, they were raised 
at constant temperature or 
experienced a temperature switch 
from low to high (LH) at different 
time-points. 
• Statistically significant differences in global DNA methylation were found among the three groups (p<0.0001) in  
experiment 1a and among the six groups (p<0.0001) in experiment 1b. In contrast, in experiment 2, no significant  
differences were found (p=0.4585).  
 
• Temperature treatment from 0 to 15 dpf affected the expression of our gene panel in different ways. However, when the 
treatment occurred between 25 and 60 dpf, no significant differences were found in the expression of the same gene panel. 
 
• The first 15 dpf are crucial for the effects of temperature on global DNA methylation in sea bass larvae. 
 
• Intermediate temperature differentiates global DNA methylation from low and high temperature groups. 
 
• A temperature switch at 15, 120 or 240 hpf significantly affects global DNA methylation. 
Results and Conclusions 
h
d
a
c
1
1
 
ja
rid
2
a
 
d
ic
e
r1
 
g
r 
Experiment 1a Experiment 1b Experiment 2 
R
e
la
ti
v
e
 E
x
p
re
s
s
io
n
 
ig
f1
 
a a 
a 
a 
a 
a 
a 
ab ab 
bc 
c 
a a 
ab ab 
b 
LT
HT a 
a 
LT
LH15
LH120
LH240
HT
ab 
a a ab 
b 
a 
a a 
a 
a 
a ab 
bc 
bc 
c 
a 
a 
b 
a a 
a 
LT
MT
HT
a a 
b 
a a 
a 
a 
ab 
b 
a a 
Global DNA Methylation 
Experiment 1a Experiment 1b Experiment 2 
Temperature Effects on  
Global DNA Methylation  and Gene Expression 
During Larval Development in the European Sea Bass 
Dafni Anastasiadi, Noelia Díaz and Francesc Piferrer 
Institut de Ciències del Mar, CSIC, Barcelona 
Age  
(dpf) 
Age  
(dpf) 
